Delirium among critically ill patients is common. Presence of delirium imparts a poorer prognosis to patients, including longer ICU and hospital length of stay, increased risk of institutionalization, higher health related costs, and elevated mortality. Even with such grave consequences, the rates of delirium diagnosis are dire. The importance of early recognition through validated tools and appropriate management of this life-threatening condition cannot be over emphasized. This article provides an overview of delirium pathophysiology, diagnosis, and management with a focus on critically ill patients.
Risk Factors
A systematic review of the literature focused on identifying risk factors for ICU delirium found multiple pre-disposing and precipitating risk factors [13] . The predisposing risk factors reported were respiratory disease, age, alcohol abuse and dementia. Twenty one precipitating factors (Table 1) [13, 14] were listed in this report and included disease severity scores, comorbidities, medications (mostly sedatives and opiates) and serum markers. Recently, an association between delirium and drugs with anticholinergic properties was found in a systematic review by Campbell, et al [15] .
Pathophysiology
The pathophysiology of delirium is not completely understood. Current evidence suggests that drug toxicity, inflammation and acute stress responses lead to a disruption of neurotransmission, which results in delirium [16] . The final pathway seems to be a combination of increased dopaminergic activity, decreased cholinergic activity, and increased ɣ-aminobutyric acid (GABA)-ergic activity [17] . At present, there are two leading hypotheses explaining delirium development, the neurotransmitter hypothesis and the inflammatory hypothesis [2] . The neurotransmitter hypothesis deals with the deficiency and excess of certain neurotransmitters as mentioned above, and the inflammatory hypothesis emphasizes the role of stress induced cytokines. It is probable that the mechanisms underlying the two hypotheses intersect and feed off each other in producing the final clinical state of delirium [2] .
Clinical Presentation
Delirium is a syndrome of disturbance of consciousness; with deficits in attention; and changes in cognition or perception; that develop over a short period, and fluctuate over the course of the day [18] . Delirium can be classified into distinct subtypes, typically referred to as hypoactive, hyperactive, and mixed [17, 19] . Hypoactive delirium, often unrecognized, is characterized by symptoms of lethargy and minimal psychomotor activity [20] . Hyperactive delirium is marked by significant agitation, restlessness, hypervigilance, and combative behavior. Symptoms of mixed delirium fluctuate between the hypoactive and hyperactive expressions. The most common subtype among ICU patients is mixed (55% of subjects), followed by hypoactive (44%). Less than 2% of critically ill patients have hyperactive delirium [19] .
Management
A recent systematic evidence review encompassing multiple aspects of delirium has suggested a clinical model for delirium management [2] . This strategy focuses on four main steps: a) risk assessment, b) prevention, c) diagnosis (monitoring), and d) treatment of established delirium (Figure 1 ).
Risk Assessment
Majority of patients admitted to the ICU are at high risk, with multiple predisposing and precipitating risk factors (Table 1) [13] . As mentioned in previous publications, most of the ICU patients have at least 10 risk factors for development of delirium [28] . A recent statistical model validated in ICU subjects can reliably predict the development of delirium if applied within the first 24 hours of admission [21] . This tool can be accessed online at: (http://www.umcn.nl/Research/Departments/intensive%20care/Documents/Predeliric %20model.htm?language=english). A perceived importance of early capturing the high-risk patients is the timely institution of preventive measures, with the aim of decreasing the incidence and severity of delirium. This is currently controversial as most of the preventive strategies in the ICU have not been able to prevent delirium, as discussed in the next section.
Prevention
In practical terms, risk factors for delirium can be divided into three categories: the acute illness itself, host factors including age or chronic health problems, and iatrogenic or environmental factors [28] . Although the first two categories are usually not amenable for modification, the iatrogenic and/or environmental factors can be modified to decrease delirium incidence. A practical step to prevent delirium is to correct the underlying physiologic disturbances as much as possible (e.g. hypoxia, hypotension, electrolyte abnormalities). Non-pharmacologic preventive measures could be implemented to decrease delirium occurrence [29] [30] [31] . Few of these measures have been tested in clinical trials in the critical care setting. Noise reduction with earplugs is the only tested intervention, that reduces the incidence of confusion in a critical care population [32] . The remainder of strategies as discussed below has proven to be of benefit in decreasing the incidence, but not the duration of delirium in non ICU populations [29] [30] [31] .
Non-pharmacologic measures found to be effective in preventing delirium among noncritically ill patients include: repeated reorientation of patients, provision of cognitively stimulating activities multiple times a day, early mobilization, range of motion exercises, timely removal of catheters and physical restraints, use of eye glasses and magnifying lenses, hearing aids and earwax disimpaction, early correction of dehydration, use of a scheduled pain management protocol (not a drip), and minimization of unnecessary noise/ stimuli. A blanket recommendation for implementing these measures in the ICU cannot be made based on the current state of literature.
Pharmacologic strategies to prevent delirium should start by avoiding agents that can exacerbate delirium. Randomized trials have demonstrated that delirium related outcomes are improved dramatically when interventions reducing the use of sedatives are employed [33] [34] [35] [36] . Specifically, when benzodiazepines are used, the risk of delirium is increased, in contrast to dexmedetomidine which has been associated with less delirium in the ICU [37] [38] [39] [40] [41] . Other agents that should be avoided are medications with anticholinergic properties (Table 2 ). Our group has found an increased association between these pharmaceutical agents and cognitive impairment including delirium in older adults [15, 42] . Other effective strategies have focused on decreasing the amount of sedative use with intermittent boluses v. continuous drips; daily interruption of sedation; sedation protocols targeting specific sedation scores; and analgosedation [33, [43] [44] [45] . We believe that these strategies should be implemented in critical care units as standard of care.
Both typical and atypical antipsychotic medications have been tested in multiple studies to prevent delirium [46] [47] [48] [49] . Of these studies, only one has been conducted in critically ill patients [49] . In this study of noncardiac surgery patients, a low-dose continuous haloperidol infusion post-surgery was able to reduce the delirium incidence to 15.3% compared to 23.2% in the control group (P=0.031). Although the results of this trial seem promising, studies reproducing similar results in a broader patient population in different settings (surgical, medical, trauma) are required before adopting this preventive strategy as standard of care. Currently, we do not advocate the use of prophylactic medications to decrease the incidence of delirium, although this is still a matter of continuous research and debate [48, 50] .
Recently, an evidence based strategy combining most of the preventive measures described above, called the ABCDE (Awakening and Breathing Coordination, Delirium Monitoring and Management, and Early Mobility) bundle has been employed successfully at multiple institutions to decrease the burden of delirium [22, 23] . Previous studies have demonstrated the positive impact of performing daily spontaneous awakening trials (SAT) -A in the bundle-by facilitating the transition from drug-induced coma to consciousness, reducing the duration of mechanical ventilation, and reducing ICU complications and costs [33, 34, 51] . Spontaneous breathing protocols (SBT), when safe and indicated, have shown to decrease ventilator days and complications derived from mechanical ventilation (B in the bundle) [52, 53] . Coordinating daily SATs with daily SBTs has been associated with decreased adverse cognitive outcomes, reduced hospital length of stay and reduced 1-year mortality (C in the bundle) [35] . Delirium monitoring (D portion of the bundle), leading to improved recognition and institution of management strategies as mentioned in the following sections. Last, early mobilization (E of the bundle) of ICU subjects has shown to decrease the duration of delirium [54] . The feasibility of mobilization in the critical care setting has been demonstrated in multiple reports [55, 56] .
Diagnosis
Once patients at risk for delirium are identified, and their modifiable risk factors mitigated, the next step in the management of ICU delirium is to monitor frequently for its occurrence (D from the ABCDE bundle) [57] . The gold standard for diagnosing delirium is through clinical history and focused examination, as guided by the Diagnostic and Statistical Manual of Mental Disorders-Fourth Edition (DSM-IV). Based on the DSM-IV definition, the criteria required for the diagnosis are cognitive change, and disturbance in consciousness, which should develop in a short period of time. However, the nature of underlying illnesses and lack of verbal communication in ICU patients make delirium assessment in the ICU, using DSM-IV criteria, particularly difficult. Fortunately there are well validated tools for the screening and diagnosis of delirium specially designed for ICU subjects. The two most commonly used tools are the Intensive Care Delirium Screening Checklist (ICDSC) [58] and the Confusion Assessment Method for the ICU (CAM-ICU) [25] . The ICDSC is a highly sensitive tool (99%), but with a low specificity (64%). It has a total score ranging from 0 to 8, with delirium defined as a score of 4 or more. The problem with this scale is its high false-positive rate; limiting its use as a screening rather than a diagnostic tool. We prefer the use of the CAM-ICU for the diagnosis of delirium, because of its strong psychometric properties [high sensitivity (93-100%), specificity (89-100%), and inter-rater reliability (k = 0.96,)] [24, 25] . Assessing a patient's delirium utilizing the CAM-ICU is a two-step process; the first step is to assess the patient's level of consciousness. The purpose of this step is to identify patients that are in a deeper level of consciousness (coma or stupor), because those subjects would not be eligible to be assessed with the CAM-ICU. The tool that has been used typically to assess consciousness is the Richmond Agitation Sedation Scale (RASS), a 10-point scale ranging from −5 (no response to voice or physical evaluation) to +4 (overtly combative, violent, immediate danger for staff) ( Table 3 ) [26] . Patients with RASS scores of −4 or −5 are deemed as comatose, and hence, are not eligible to be assessed by the CAM-ICU. Although the RASS score has been used widely with the CAM-ICU, a recent report validated the use of the Riker Sedation-Agitation Scale (SAS) [27] (Table 4) with the CAM-ICU [59] . Both RASS and SAS showed remarkable similarity in identifying patients eligible for CAM-ICU assessment with a rank correlation coefficient of 0.91 and the kappa agreement of 0.93. Based on this report, both scales can be used interchangeably alongside the CAM-ICU for the diagnosis of delirium [59] . Depending upon the scale, patients are considered comatose if RASS is ≤ − 4 or if SAS is ≤ 2, and thus unable to be assessed by CAM-ICU.
Once the patient is deemed "not comatose" or at higher levels of consciousness (RASS of > −4 or SAS > 2), step two of delirium assessment using the CAM-ICU is performed. CAM-ICU consists of four features; an acute change or fluctuation in mental status (Feature 1), accompanied by inattention (Feature 2), and either disorganized thinking (Feature 3) OR altered level of consciousness (Feature 4, Figure 2 ) [24, 25] . A more detailed description of the CAM-ICU and training materials to implement it can be found on the website www.ICUdelirium.org. The optimal frequency of delirium monitoring is still not established, but given the fluctuant nature of the condition, it is advisable to screen for delirium at least twice per day.
Treatment
Delirium treatment is usually divided into non-pharmacologic and pharmacologic therapies. Most of the non-pharmacologic strategies include efforts to decrease or treat the modifiable risk factors as a first step in management, after delirium has been diagnosed (e.g. decreasing or stopping sedation; optimal pain control; avoiding excessive use of benzodiazepines and opiates). It is of utmost importance to recognize that delirium could be a manifestation of an acute, life-threatening problem that requires immediate attention (hypoxia, hypercarbia, hypoglycemia, metabolic derangements, or shock).
Pharmacologic therapies for delirium are limited. Even though there are no FDA approved medications for the treatment of delirium, antipsychotic agents are widely used in the ICU for the treatment of this syndrome [60] . This use of antipsychotics is based on theoretical reasoning, as there have been no multicenter randomized controlled trials in critically ill patients showing improved outcomes in delirious subjects treated with antipsychotics. Because it is thought that the pathophysiology of delirium is based on neurotransmitter imbalances, antipsychotics may help by restoring the balance. Haloperidol (a "typical" antipsychotic) is widely used and is recommended by Society of Critical Care Medicine guidelines as the drug of choice for treatment of delirium in critically ill patients [57] . It acts by blocking the dopamine D2 receptors, thereby decreasing the dopaminergic load. In contrast, the "atypical" antipsychotic agents (e.g. aripiprazole, olanzapine, quetiapine, and ziprasidone) affect several different neurotransmitters, including norepinephrine, serotonin, histamine, and acetylcholine, giving them a theoretical advantage over haloperidol. In practice, atypical antipsychotics have not shown to be superior in efficacy for delirium treatment, with studies attesting to the equal efficacy of atypical antipsychotics and haloperidol [61] . Skrobik, et al. reported that both olanzapine and haloperidol had the same effectiveness in reducing delirium (although there was no placebo arm in the study), but haloperidol was associated with more extrapyramidal symptoms [62] . Use of cholinesterase inhibitors in the ICU has been associated with increased mortality based on a trial that was stopped early due to increased mortality in the rivastigmine arm compared to placebo [63] . Table 5 provides the recommended dosing for antipsychotics based on current literature.
There are two major randomized, placebo-controlled trials of antipsychotics for treatment of delirium in ICU subjects. The MIND (Modifying the Incidence of Delirium) trial randomized 101 patients to receive haloperidol, ziprasidone, or placebo every 6 hours for up to 14 days. It concluded that there were no differences between groups in the duration of delirium or days alive without delirium [65] . None of the antipsychotics were superior compared to placebo in treating delirium. The second study looked at 36 ICU patients with delirium who were assigned to receive either quetiapine or placebo in addition to as needed haloperidol. Quetiapine was associated with a shorter "time to first resolution" and reduced duration of delirium. In addition, the quetiapine group required less rescue haloperidol than the placebo group [64] . A major limitation of both studies was their small sample size. Currently there are two trials in critically ill delirious patients testing antipsychotics [66, 67] . One of them, the PMD (Pharmacological Management of Delirium) is a pragmatic, effectiveness trial, testing a multicomponent intervention (reduction in benzodiazepine and anticholinergic medication use, plus low dose haloperidol) in decreasing delirium duration and severity versus usual care. The other, MIND-USA (Modifying the Impact of ICUAssociated Neurological Dysfunction) is a three arm efficacy trial comparing haloperidol, ziprasidone, and placebo in improving delirium/coma free days. The results of these trials will provide further direction regarding the use of these agents in critically ill patients [66, 67] .
Conclusion
Delirium is a common syndrome in critically ill subjects characterized by impairment in cognition and behavior. Delirium is often multifactorial and is related to underlying medical, environmental and iatrogenic factors. The diagnosis of delirium is challenging with frequent under recognition. CAM-ICU is the best tool for diagnosis of delirium in the ICU. Untreated, delirium can have devastating consequences and its occurrence is associated with increased morbidity and mortality. Available evidence indicates that early detection, reduction of risk factors, and better management of this condition can decrease its morbidity rates. [24, 25] ; RASS: Richmond Agitation Sedation Scale [26] ; SAS: Riker Sedation-Agitation Scale [27] . 
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